We discuss two expressions for the conserved quantities (energy momentum and angular momentum) of the Poincax~ Gauge Theory. We show, that the variations of the Hamiltonians, of which the expressions axe the respective boundary terms, axe well defined, if we choose an appropriate phase space for asymptotic flat gravitating systems. Furthermore, we compare the expressions with others, known from the literature.
INTRODUCTION
If one looks for expressions of energy for a gravitating system, a natural candidate for such an expression will be given by the Hamiltonian. In gravitational theories the Hamiltonian can be written in the form H = dB + J ~-dB, where J vanishes for exact solutions. Consequently the energy of exact solutions may be defined by E := f~ H = for, B, where is a 3-dimensional spacelike hypersurface. However the Hamiltonian is not completely fixed by the requirement of generating the correct field equations, it can be modified by adding a total divergence or equivalently a boundary term at spatial infinity. As pointed out by Regge and Teitelboim [1] in the case of General Relativity, one has to adjust the boundary term in such a way that the variation of the Hamiltonian is well defined; this means that no variations of the derivatives of the variables occur. But this argument fixes only the integrals, not the integrands, and the whole 1 Department of Physics, National Central University, Chung-Li, Taiwan 32054, Republic of China 2 Present address: Institute for Theoretical Physics, University of Cologne, D-50923
KSln, Germany discussion depends on the phase space choosen. Therefore some freedom in constructing energy expressions still exists.
In this paper, we will discuss two possible boundary terms for energy momentum and angular momentum of the Poincar@ Gauge Theory (POT). One of the expressions was given by Nester [2], the other one (see Ref. 3) is a modification of it. Both expressions were tested in [4] with exact solutions, but a detailed discussion has not been given. We will show that the variations of the respective Hamiltonians are well defined, in the sense of Regge and Teitelboim, if we choose an appropriate phase space for asymptotic flat gravitating systems.
Suitable expressions for the conserved quantities of the PGT for asymptotic flat solutions were given earlier by Hayashi and Shirafuji [5] and by Blagojevid and Vasili~ [6] . In their works they have to restrict themself to an asymptotic Cartesian basis. Also approaches were made for calculating conserved quantitites of the PGT in asymptotic anti-de Sitter space times (see Refs. 7 and 8), but they didn't prove to be successful. One advantage of the expressions discussed here is that they need no restriction to an asymptotic Cartesian basis and can be evaluated also in asymptotic anti-de Sitter space times.
First we will give a brief introduction to the framework of the PeT. Then we will calculate the fall-off of asymptotic flat solutions of the PeT in order to be able to fix the phase space. In Section 3 we will write down the Hamiltonian and the expressions we will deal with. The variation of the Hamiltonian and the argumentation of Regge and Teitelboim are worked out in Section 4. In Section 5 we show that the integrals of our expressions are indeed finite and conserved. Finally, in Section 6, we will compare them with the work of Hayashi and Shirafuji [5] and Blagojevid and Vasili~ [6] .
Let us briefly recapitulate the underlying theory and fix the conventions. The PeT (see, for instance, Refs. 9,10) is a gauge theory of gravity in which spacetime is represented by a 4-dimensional Riemann-Cartan manifold. The gauge potentials are the orthonormal basis 1-forms Oa and the connection 1-forms w~ #. The corresponding field strengths are the torsion ~3 ~ = Dz9 ~ := dz9 ~ +w~ a A~ ~ and the curvature f~ := dw~ ~ +w~ ~ Aw~ 7. The sources of the gravitational fields are the 3-forms of material energymomentum ~ and spin angular-momentum r~ ~ which are variational derivatives of the material Lagrangian with respect to the gauge potentials. In order to have a local Poincar@ invariant Lagrangian for the gravitational field, the gravitational Lagrangian should be of the form L = + LM( % r De).
(1)
